Methods

Study sites
The study was carried out in the PNCs of the UNTH, Ituku-Ozalla, and Enugu State University Teaching Hospital (ESUTH). The UNTH is one of the first-generation teaching hospitals in Nigeria. It has multidisciplinary departments and caters for patients from predominantly the south-eastern region of the country. The PNC of UNTH operates once a week and caters primarily for children who have neurological conditions and have been referred. ESUTH is a smaller and relatively new teaching hospital. Its PNC also runs once a week (on a different weekday).
Sampling method
This was a cross-sectional observational study. Sample selection was non-randomised and the subjects were consecutively recruited until the desired sample size was reached. Patients aged between 9 and 96 months with a diagnosis of CP were recruited. Patients with other movement disorders, physical disabilities and motor abnormalities, such as muscular dystrophies, paralytic poliomyelitis and spina bifida (myelomeningocele) were excluded.
Ethical approval and consent
This research was approved by the UNTH Research Ethics Committee and this was accepted by the ESUTH. Informed consent was obtained from the parents/guardians of the patients before recruitment and confidentiality of the patients' information was ensured.
Study population
The cohort consisted of CP patients, with a median age of 32 months (range 9 -36), who attended the PNCs of the abovementioned teaching hospitals between April and October 2010. This age bracket was chosen in view of the age distribution found in a previous study of CP patients in Enugu. [9] It is necessary to mention that spastic quadriplegics classified in this study as ambulatory included children walking with hand-held mobility devices and those who could propel a manual wheelchair (level III), and therefore should not be misconstrued only as those walking unaided.
Study protocol
For each child, sociodemographic data, including parental level of education and occupation were ascertained and data were recorded. Relevant history about the antenatal, perinatal and postnatal periods and developmental milestones was recorded. The gross motor developmental milestones indicated a delay in acquisition of motor milestones in all cases without a regression or loss of milestones already achieved. History also indicated motor impairment and other CP-related symptoms such as epilepsy, visual, speech, cognitive and hearing impairments in the first 2 -3 years of life. A consistent history and descriptions of motor findings, consistent with the most recent definition of CP, were used to determine case status. [5] Anthropometry was done to determine the nutritional state of each child. A flexible inelastic tape measure was used to measure the occipitofrontal circumference (OFC) to the nearest 0.1 cm. An infantometer was used to measure the length of children <3 years old and children who could not stand. The length of older, non-ambulatory patients (GMFCS level IV and V) was measured using a flexible, inelastic tape measure. An assistant helped to hold their legs straight by pressing on the child's chest and knees to enable measurement from the top of the head to the soles. None of the patients had severe lower-limb contractures that required length measurement in segments. Children who could stand flat-footed and bear their own weights had their weights and heights measured with a standing scale equipped with a stadiometer (SM-160, Surgifield Medical, England). The basinet scale (Model 180, Salter, Australia) was used to weigh patients ≤15 kg. None of the patients had a feeding gastrostomy.
Detailed age-adjusted neurological examinations were conducted and showed abnormalities of movement, posture, tone and reflexes (deep tendon and primitive). The number of impairments in each child was recorded and included speech, auditory and visual impairments, undernutrition, epilepsy, microcephaly, drooling and contracture.
The current motor abilities of each child in the home setting were ascertained from the parent/guardian. Subsequently, for each child the following motor abilities were assessed: head control and observed lying, sitting, crawling, standing, walking, running a few meters and climbing stairs. Each child's present ability and limitations were determined. Children who were <18 months old were assessed for head control, floorsitting with or without hand support, and whether the child could crawl or pull to stand. Using the GMFCS, each child was classified into one of five levels of severity by cross-checking the findings in the appropriate age band of the child. [10] All findings were carefully recorded in the proforma.
Data analysis
Data were analysed using the statistical package for the social sciences (SPSS version 15; IBM Corp., USA.) The categorical variables (GMFCS) levels, type of CP, socioeconomic class (SEC), aetiological factors, presence or absence of malnutrition, frequency of accompanying impairments) were further examined for association with GMD severity using Fisher's exact test; (p<0.05). The SEC was obtained by calculating the mean value (to the nearest whole number) of the scores for the occupation and level of education of their parents or substitutes as recommended by Oyedeji. [11] Based this information, the subjects were classified into upper class (I and II), middle class (III) and lower class (IV and V). The upper class correlated with high-income earners with formal education and adequate health knowledge, while the lower SEC represented lowincome earners who lacked formal education and social amenities. The middle classes were intermediate between high-and low-income earners.
The OFC of each child was plotted on the World Health Organization (WHO) head circumference-for-age child growth chart and those below the third percentile for their age were noted to have microcephaly. [12] The following anthropometric indices of the WHO child growth standards were used for analysis: weight-for-height Z scores (WHZ) and height-for-age Z scores (HAZ). [12, 13] Wasting and stunting were reported following the internationally recognised definitions proposed by WHO/UNICEF. Wasting (acute malnutrition) was defined as WHZ <-2 and severe wasting as WHZ <-3. Stunting (chronic malnutrition) was defined as HAZ <-2 and severe stunting as HAZ <-3. [12, 13] The distribution and types of malnutrition in our cohort is shown in Fig. 1 .
Results
Biodemographic characteristics of study population
Out of the 100 consecutively recruited patients, there were 58 males and 42 females, giving a male:female gender ratio of 1.4:1. The mean (SD) age of the children was 32.0 (22.7) months. The mean (SD) age of males and females was 27.95 (18.3) and 37.69 (26.9) months, respectively. The patients comprised 43% high SEC (I and II), 25% middle SEC and 32% low SEC individuals ( Table 1 ).
Association between severity of GMD and categorical variables SEC and severity of GMD
The severity of GMD in terms of ambulatory and non-ambulatory status was analysed in the context of the SEC of the study subjects. Differences in the distribution were not statistically significant (p=0.649) ( Table 1 ).
Type of CP and severity of GMD
The severity of GMD in relation to the type of CP was statistically significant, indicating an association between the type of CP and the severity of GMD (p=0.000) ( Table 2 ). Spastic quadriplegia showed the highest correlation with severe GMD. Hemiplegic and hypotonic CP were associated with the lowest GMD.
Aetiological factors and severity of GMD
There was no significant association between the occurrence of single, multiple or unknown aetiological factors and the severity of GMD, (p=0.791) ( Table 3 ). However, different aetiological factors analysed in isolation showed a statistically significant correlation between the type of factor and the severity of GMD (p=0.0159). Children with postnatal central nervous system (CNS) infection as a single aetiological factor all had severe GMD, indicating the highest correlation with severe GMD (Table 4 ).
Malnutrition and severity of GMD
A greater proportion (65.1%) of patients with normal nutritional status were ambulatory, while a greater proportion (64.9%) with malnutrition were non-ambulatory. GMD and the presence of malnutrition showed a statistically significant association (p=0.004) ( Table 5 ).
Frequency of accompanying impairments and severity of GMD
The frequency of associated impairments was proportionate to the severity of the GMD. All patients with five or six associated impairments had severe GMD showing a statistically significant association (p=0.001) ( Table 6 ). 
Discussion
This study has shown that the factors associated with the severity of GMDs in CP patients are the neurological subtypes of CP, the aetiological factors, malnutrition, and the number of accompanying impairments. Further studies may show the impact of reducing these factors on ambulatory function in CP patients. Spastic quadriplegia, postnatal CNS infections, malnutrition and highly prevalent accompanying impairments were most notably associated with more severe GMD in our patients. These findings are all consistent with previously published data on CP. [7, 8, 14, 15] However, this study showed no correlation between SEC status and the severity of GMD, irrespective of the fact that severely affected children survive longer if given superior support compared with those from low SEC environments who usually seek unorthodox interventions, or none at all. This is surprising because patients from high SEC environments typically have normal nutritional statuses, they can commence early rehabilitation such as physiotherapy, and they have access to multidisciplinary hospital treatments -factors expected to positively affect gross motor abilities. The reason for the negative association is unclear and may require further investigation.
It is not surprising that spastic quadriplegia caused severe GMD; whole-body involvement usually results from extensive brain damage such as a diffuse CNS infection and severe birth asphyxia, resulting in severe hypoxic-ischaemic encephalopathy. Vasconscellos et al. [7] and Nordmark et al. [8] reported spastic quadriplegic CP as predominantly nonambulatory, which is consistent with findings in this study. Interestingly, 24% of the spastic quadriplegics were ambulatory. Those children with spastic quadriplegia (severe and equal spasticity of all four limbs) differed clinically from the spastic diplegics (more severe lower-limb involvement) and had different aetiological factors (mostly severe birth asphyxia and postnatal CNS infections for spastic quadriplegics v. premature birth for spastic diplegics). However, this clinical assessment is subjective and the need to improve the reliability of CP classifications has given birth to the classification by surveillance for CP in Europe (SCPE). [16] It is necessary to mention that spastic quadriplegics classified in this study as ambulatory included children walking with hand-held mobility devices and those who could propel a manual wheelchair (level III), and therefore should not be misconstrued only as those walking unaided. Furthermore, a greater proportion of the population studied (52%) were <24 months old and some of the spastic quadriplegics (most prevalent type) could have been classified to better functioning levels because the GMFCS is less precise in infants <24 months old. [17] This study, by classifying all children with hypotonic CP (7%) as ambulatory, differs significantly from the study by Pfeifer et al., [14] who reported all children with hypotonic CP (3%) as nonambulatory. The reason for this finding is unclear. Due to a larger cortical representation of the hand and arm than the leg, upper-limb function is more impaired than lower-limb function and explains why patients with hemiplegia usually ambulate. All hemiplegic patients in this study were ambulatory and in agreement with the report by Gorter et al., [15] who observed that the majority (87.8%) of hemiplegic CP was classified as level I (mild GMD). Similar reports were made by Vasconcellos et al. [7] and Nordmark et al. [8] The findings of this study are consistent with previous studies, reinforcing that children with hemiplegic CP are not likely to require mobility aids, while those patients with spastic quadriplegia are more likely to need augmentative interventions. [7, 8, 14, 15] Though a small number (5%) of our patients had postnatal CNS infections (bacterial meningitis) as a single aetiological factor, it is interesting to note that all of them had severe GMD. This occurred because the infections cause widespread brain damage resulting in spastic quadriplegia, which is frequently associated with severe GMD and an inability to ambulate independently.
The most recent definition of CP highlights the importance of accompanying physiological impairments and comorbidities in CP, by incorporating their occurrence as part of the definition of CP. [5] We found that all of our patients had at least one accompanying impairment. We sought to ascertain whether there was an association between the number of impairments and the severity of GMD, and not the effect of individual disorders such as epilepsy, on GMD. We hypothesised that a child with CP with a greater number of other impairments would have more severe GMD. As hypothesised, GMD became more severe with an increasing number of accompanying disorders (p=0.001), suggesting that the total number of associated deficits in any child with CP may give an indication of the functional abilities of that child. This finding is supported by Vasconcellos et al., [7] who observed that associated impairments were mainly evidenced at GMFCS levels IV/V. This finding suggests more severe damage to the developing motor areas of the brain with an increasing number of other impairments. Conversely, it is possible that the presence of severe GMD in a child with CP could be predisposed to a higher number of accompanying impairments. For instance, a child with spastic quadriplegia on GMFCS level V is at a greater risk of having hip subluxation/dislocation, contractures and, if adequately fed, develops obesity (malnutrition) because of immobilisation. In addition, oromotor dysfunction, sucking and swallowing difficulties in this child may result in undernutrition and increased risk of aspiration and pneumonia. However, another child with spastic quadriplegia who is on level I (mild GMD) faces less risk of these impairments by being independently mobile and having less severe motor dysfunction.
An earlier study in Enugu found that malnutrition was more prevalent (36%) in children with CP than their controls. [18] This prevalence rate was similar to our finding. Severe malnutrition negatively affects functional motor skills by impairing brain maturation, reducing motor activity and causing muscle weakness. Due to the relatively high prevalence of malnutrition in children with CP and its worsening effect on existing GMD, paediatricians should pay attention to the nutrition of newly diagnosed children. It should be noted that severe GMP, as seen in spastic quadriplegia, could manifest with oromotor dysfunction (due to pseudobulbar palsy) causing sucking and swallowing difficulties, which results in undernutrition. In this study, it does seem likely that poor nutrition was secondary to motor dysfunction, since most of the malnourished patients were non-ambulatory with severe GMD. This emphasises the need for alternative feeding modalities like gastrostomies, which are largely unavailable in Nigeria. Nasogastric tube feeding is an easier alternative feeding intervention and should be encouraged in those children with swallowing difficulties. The statistically significant association between the severity of GMD and malnutrition (p=0.004) in this study is a valid finding, but with the realisation that this association could be bidirectional. Longitudinal or controlled studies are needed to learn more about this association.
Limitations
Some neurometabolic/neurodegenerative disorders present with motor dysfunction. None of the patients in this study had serum amino acids, organic acids, lactate, ammonia or urinary glycosaminoglycans measured (metabolic screen). It must therefore be acknowledged that the profile of aetiological factors presented in this study could have been influenced by both the investigative facilities available, e.g. no genetic/chromosomal studies or magnetic resonance imaging, as well as recall bias owing to the cross-sectional design of this study.
Conclusion
The type of CP, aetiological factors, malnutrition and the number of accompanying impairments correlated statistically significantly with the severity of GMD. SEC did not correlate with GMD severity as expected and further clinical research is required to elucidate the reasons for this finding. Ultimately, there is a need for further research on the factors causing variations in GMD in different populations of children with CP.
